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 ABSTRACT 
 A systematic review of the scientific literature on 
relationships between management practices used on 
dairy farms and herd somatic cell count (SCC) was 
undertaken to distinguish those management practices 
that have been consistently shown to be associated with 
herd SCC from those lacking evidence of association. 
Relevant literature was identified using a combination 
of database searches (PubMed, Medline, CAB, Agri-
cola, and Web of Science) and iterative screening of 
references. To be included in the review, a manuscript 
had to be published after 1979 in French, English, or 
Dutch; study design had to be other than case report 
or case series; herds studied had to be composed of 
≥40 milking cows producing on average ≥7,000 kg of 
milk in 305 d; interventions studied had to be manage-
ment practices applied at the herd level and used as 
udder health control strategies; and SCC had to be 
measured using electronic cell counting methods. The 
36 manuscripts selected were mainly observational 
cross-sectional studies; 8 manuscripts dealt exclusively 
with automatic milking systems and 4 with manage-
ment of calves and heifers and its effect on SCC in 
early lactation heifers. Most practices having consistent 
associations with SCC were related to milking proce-
dures: wearing gloves during milking, using automatic 
take-offs, using postmilking teat dipping, milking prob-
lem cows last, yearly inspection of the milking system, 
and use of a technique to keep cows standing following 
milking; all were consistently associated with lower 
herd SCC. Other practices associated with lower SCC 
were the use of a freestall system, sand bedding, clean-
ing the calving pen after each calving, surveillance of 
dry-cow udders for mastitis, use of blanket dry-cow 
therapy, parenteral selenium supplementation, udder 
hair management, and frequent use of the California 
Mastitis Test. Regarding SCC of heifers, most of the 
consistent associations reported were related to inter-
ventions made during the peripartum period. Studies 
on automatic milking systems have frequently reported 
elevation of the herd SCC following transition to the 
new system. These elevations seemed to be mediated 
both by the lack of monitoring of chronically infected 
cows and by an elevated incidence of intramammary 
infections. By assembling the results reported in many 
different studies, this review generates a more compre-
hensive understanding of the management practices 
influencing SCC and highlights areas of SCC control 
knowledge that lack evidence of effectiveness. 
 Key words:   management ,  somatic cell count ,  system-
atic review ,  automatic milking system 
 INTRODUCTION 
 A vast body of literature reports associations between 
various management practices applied on dairy farms 
and different measures of udder health. Some of the ud-
der health parameters that have been most frequently 
studied are the incidence of clinical mastitis, SCC, and, 
to a lesser extent, the pathogen-specific prevalence and 
incidence of IMI. As a measure of udder health, SCC is 
a very interesting and valuable measure. Somatic cell 
count is mainly determined by IMI and is therefore 
an excellent proxy to measure prevalence and even 
incidence of IMI whether clinical signs of mastitis are 
present or not (Dohoo and Leslie, 1991). In addition, 
SCC measurements can easily be obtained for research 
either from bulk milk (BMSCC) or as a herd average 
of individual cow (HSCC) measurements from DHI 
programs. 
 Finally and most importantly, BMSCC, along with 
total bacterial plate count, is used internationally as a 
standard for milk quality. For dairy producers world-
wide, SCC is not only a measure of herd udder health 
performance, it is also a determinant of the market-
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ability of their milk. In a recent Canadian study, 88% 
of dairy producers claimed that they usually review the 
individual SCC data of their herd on the very same 
day the report becomes available (Dufour et al., 2010). 
Dairy producers are indeed very concerned with SCC 
and will frequently inquire about the management 
practices that could best help them achieve BMSCC 
reductions.
For dairy veterinary practitioners and extension 
agents, providing evidence-based advice to clients is 
a difficult task. The number of studies reporting as-
sociations between management practices and SCC is 
vast. In addition, because of the relative availability of 
SCC measurements, it is not uncommon to find studies 
reporting associations between SCC and management 
practices that are not even intended for use as udder 
health control strategies. Finally, in many studies, 
interventions are applied at the cow level without pro-
viding evidence for herd-level effects. These studies do 
not take into account the within-herd dynamics of IMI. 
Although these studies do provide important knowledge 
and understanding of mastitis epidemiology, the results 
observed when an intervention was applied to a few 
individuals within a herd can differ from the ones that 
would have been observed if the intervention had been 
applied to the whole herd.
The objective of this study was to perform a stan-
dardized review of the literature on associations be-
tween management practices used on dairy farms and 
herd-level SCC. A specific objective was to distinguish 
between management practices that have consistently 
shown association with SCC when applied at the herd 
level, and management practices for which evidence of 
an association with herd-level SCC is lacking.
MATERIALS AND METHODS
Literature Search and Inclusion Criteria
Five databases (PubMed, Medline, CAB, Agricola, 
and Web of Science) were searched on April 22, 2009, 
for original research published in French, English, or 
Dutch. To ensure that the retrieved manuscripts would 
be relevant for modern dairy herds, searches were 
restricted to manuscripts published later than 1979. 
Search strategies were developed with the help of a 
librarian and consisted of Boolean search statements 
using medical subject heading (MeSH) terms specific 
to each database. The MeSH terms used were descrip-
tors of the population (dairy cows) and outcome (SCC) 
of interest; MeSH is a system of medical metadata con-
sisting of sets of terms naming descriptors in a hierar-
chical structure that permits searching at various levels 
of specificity. The Boolean search strategies and MeSH 
terms used were “cattle” and “cell count” and “milk” for 
Medline and PubMed; “dairy cattle” and “somatic cell 
count” for CAB; “cow” and “somatic cell count” for Ag-
ricola; and “cow” or “cows” or “cattle” or “bovine” and 
“somatic cell count” for Web of Science. Manuscripts 
retrieved from the different databases were collated and 
duplicates were eliminated. Only manuscripts for which 
an abstract was available were considered.
To be included in the review, a manuscript had to 
meet the additional following criteria:
 (1)  Intervention studied was a management practice 
applied or observed at the herd level and used as 
an udder health control strategy;
 (2)  SCC was measured using cell counting methods 
rather than California Mastitis Test (CMT) or 
Rapid Mastitis Test (Immucell, Portland, ME);
 (3)  Study design was not case report or case series;
 (4)  Mean 305-d milk production of the herds studied 
was ≥7,000 kg; and
 (5)  Mean herd size of the herds studied was ≥40 
milking cows.
Thresholds for the last 2 inclusion criteria were defined 
based on the 25th percentiles for herds participating in 
dairy herd improvement programs in Canada in 2008 
(Sylvia Lafontaine, Valacta, Sainte-Anne-de-Bellevue, 
Quebec, personal communication). These thresholds 
were defined to select studies conducted on dairy herds 
comparable to modern dairy herds found in North 
America and in most European countries.
A search protocol was developed based on the recom-
mendations of Greenhalgh and Peacock (2005), who 
identified electronic search and reference tracking as 
the most powerful methods for identifying high quality 
sources. In short, all abstracts obtained were reviewed 
concurrently by 2 of the authors (S.D. and A.F.) using 
the previously defined inclusion criteria. All reviewers 
were blinded to the authors, journal, and year of publi-
cation of the manuscripts. At this stage of the review-
ing process, inclusion criteria were not strictly applied 
to not exclude any relevant manuscript. Whenever the 
2 reviewers disagreed on the selection of an abstract, a 
third author (D.T.S.) was asked to review the abstract 
and decide on its eligibility for inclusion. Full texts of 
the selected abstracts were then obtained, reviewed, 
and selected in a similar manner with strict application 
of the inclusion criteria. Whenever information relative 
to inclusion criteria was lacking in a manuscript, com-
panion papers were consulted or efforts were made to 
contact authors by electronic communication to obtain 
the missing information. Finally, the list of references 
quoted in each paper was screened to find potentially 
relevant manuscripts that had not been identified by 
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the database searches. Additional manuscripts found 
were reviewed as described previously, and their refer-
ence lists were screened until complete depletion.
Data Abstraction
Two of the authors (S.D. and A.F.) concurrently 
abstracted the following information from the selected 
manuscripts on a standardized form: study design, 
study location, study period, number of herds, explana-
tory variables studied, and specific outcome variables 
studied. For studies with multiple published papers, the 
most complete paper was used as the primary source of 
information and the other reports were used for supple-
mental information. For each manuscript, one of the 
authors (S.D.) abstracted or computed effect estimates 
for each management practice for which results were 
reported. Only one effect estimate per study per com-
parison was computed for a given management practice. 
When a study reported more than one effect estimate 
or more than one measure of association with SCC for 
a specific practice, priority was given to herd-effect es-
timates rather than to group-specific effect estimates, 
then to incidence data rather than to prevalence data, 
then to continuous measures of SCC or SCS rather than 
to proportion of cows over a given SCC or SCS thresh-
old, and finally to multivariable analyses rather than 
to unadjusted analyses or to descriptive results. When 
more than one multivariable model was presented, the 
most complete model was used.
Standard error for each effect estimate was ab-
stracted, computed, or imputed using variance impu-
tation methods (Follmann et al., 1992; Philbrook et 
al., 2007; O’Rourke and Greenland, 2008) and 95% CI 
were computed using the obtained effect estimate and 
standard errors. These 95% CI were adjusted using the 
Bonferroni correction (Abdi, 2007) whenever multiple 
comparisons were made.
Analytical Methods
Associations between management practices and 
SCC were first investigated using forest plots, a graphi-
cal representation summarizing the individual effects 
that were observed in the selected studies (Khan et 
al., 2003). In view of the large amount of heterogeneity 
among SCC measurements used, definitions of explana-
tory variables, and measures of association reported, no 
attempt was made to compute pooled effect estimates. 
Hence, formal analyses were restricted to nonparamet-
ric comparisons of study results. Each of the reported 
associations between a management practice and SCC 
was classified as being toward lower SCC, a null effect, 
or toward higher SCC. For those studies employing 
categorical-scale measurement of herd SCC or of herd-
proportion of high SCC cows, this was done by noting 
if the odds ratio of belonging to the lower SCC category 
when using the investigated practice was greater than, 
equal to, or lower than the null value of 1.0, respec-
tively. For studies investigating the incidence of SCC 
increases, this was done by noting if the incidence ra-
tio comparing incidences in herd using and not using 
the investigated practice was lower than, equal to, or 
greater than the null value of 1.0, respectively. Finally, 
for studies investigating differences of herd SCC or of 
herd-proportion of high SCC cows between herds using 
and not using a practice, this was done by noting if the 
difference was lower than, equal to, or greater than the 
null value of 0.0, respectively. A reported effect was 
considered globally statistically significant whenever its 
corrected 95% CI did not include the null effect.
Management practice effect estimates that were re-
ported in multiple articles were tested for consistency 
of the association with SCC by a binomial test, consis-
tency being defined as continually having an associa-
tion in a given direction. This binomial test estimates 
the probability of observing a given proportion of as-
sociations in one direction, under the null hypothesis 
of no association (unidirectional sign test; O’Rourke 
and Greenland, 2008). We must emphasize that this 
binomial test does not have high statistical power, es-
pecially when very few reports of effect estimates are 
available. We therefore used a more liberal P-value of 
0.15 as the threshold for statistical significance of the 
binomial test.
RESULTS
A flowchart describing the selection process of the 
relevant literature is presented in Figure 1. During 
the full-text reviewing process, important informa-
tion related to our inclusion criteria was missing for 
22 articles. For 2 articles, missing information could 
be found in companion papers. Authors of the remain-
ing 20 manuscripts were contacted electronically and 
asked to provide the needed information; answers were 
obtained for 14 manuscripts and 8 were included in 
the review. For 6 of the manuscripts with missing in-
formation (Vecht et al., 1989; Hogeveen et al., 2001; 
Gygax and Nosal, 2006; Köster et al., 2006a,b; Stup et 
al., 2006), we were unable to obtain a reply from the 
authors even after multiple attempts to contact them; 
these manuscripts were not included in the review.
The main features of the 36 manuscripts included in 
this study can be found in Table 1. All studies included 
in this systematic review were observational studies; the 
majority used a cross-sectional study design (n = 28) 
or a combination of cross-sectional and before-and-after 
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designs (n = 6). One study used strictly a before-and-
after study design (Rasmussen et al., 2001) and only 
one study used a longitudinal cohort design (Bareille 
et al., 1998).
Heterogeneity in exposure measurements was notice-
able. For 25 manuscripts, questionnaires were used 
to measure part or all of the management practices 
of interest; only 2 independent studies used the exact 
same questionnaire (Svensson et al., 2006; Nyman et 
al., 2009). For the remaining studies, the questionnaires 
were developed specifically for the project. Only one 
study reported validating, although only partly, the 
questionnaire used (Barnouin et al., 2004).
In many manuscripts, more than one SCC-related 
outcome was investigated. Substantial heterogeneity 
among outcomes used was found between manuscripts 
(see Table 1). Briefly, 3 different outcomes were re-
ported:
 1)  Herd- or group-specific SCC or SCS [estimated 
from bulk milk (n = 14) or from mean individual 
cow SCC (n = 16)],
 2)  Prevalence of cows with an SCC over a specific 
threshold (n = 6), and
 3)  Proportion of cows with an SCC increasing from 
below to above a specific threshold over a defined 
period (n = 2).
Journal of Dairy Science Vol. 94 No. 2, 2011
DUFOUR ET AL.566
Figure 1. Flowchart describing the process of identifying relevant literature on associations between dairy farm management practices and 
herd SCC. Footnote 1: excluded after multiple unsuccessful attempts to obtain missing information from authors.
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Table 1. Characteristics of manuscripts on associations between management practices and measures of SCC (bulk milk or individual cow SCC in cells/mL, as measured by DHI 
organizations) 
Manuscript  
and index number
Country  
(state)
Study  
period
Population 
(herds)
Study  
design1 Outcome
Intervention  
or observation
1. Bach et al., 2008 Spain 2006 47 CS Herd mean2 bulk milk SCC (BMSCC) Multiple3
2. Bareille et al., 1998 France 1995–1996 237 LC Incidence of cows increasing  
 to SCC >200,000 cells/mL
Multiple
3. Bareille et al., 2000 France 1995–1997 228 CS Herd % of heifers with SCC >200,000  
 cells/mL between 7 and 45 DIM
Heifer management
4. Barkema et al., 1998a4 Netherlands 1992–1994 274 CS Herd geometric mean BMSCC: Culling rate
Low (<150,000 cells/mL, n = 85)
Medium (151–250,000 cells/mL, n = 133)
High (>250,000 cells/mL, n = 56)
5. Barkema et al., 1998b4 Netherlands 1992–1994 201 CS Same as Barkema et al., 1998a Multiple
6. Barnouin et al., 2004 France 1999–2001 534 CS Herd mean SCS: Multiple
Low (percentiles 0–5 of SCS, n = 326)
Medium (percentiles 50–55 of SCS, n = 208)
7. Bartlett et al., 1992 US (OH) 1988–1989 48 CS Logn of herd mean BMSCC Multiple
8. Bewley et al., 2001 US (WI) 1999 244 CS Herd mean SCS Barn design, bedding, and cooling method
9. Billon and Tournaire, 2002 France 2001 101 BA, CS Herd mean BMSCC Use of automatic milking system (AMS)
10. De Vliegher et al., 2004 Belgium 1999–2000 159 CS Herd geometric mean SCC of  
 heifers between 5 and 14 DIM
Management of heifers
11. Ellis et al., 2007 UK 2003–2004 28 CS Herd geometric mean BMSCC Cow cleanliness
12. Erskine et al., 1987a5 US (PA) — 32 CS Herd mean SCC: Multiple
Low (≤150,000 cells/mL, n = 16)
High (≥700,000 cells/mL, n = 16)
13. Erskine et al., 1987b5 US (PA) — 32 CS Same as Erskine et al., 1987a Se, vitamin A, E, and β-carotene
14. Erskine and  
  Eberhart, 1991
US (PA) — 71 CS Herd mean SCC: Postmilking teat disinfection  
 and use of dry-cow therapyLow (≤250,000 cells/mL, n = 24)
High (>700,000 cells/mL and  
 high IMI prevalence, n = 47)
15. Fulwider et al., 2007 US (WI, MN, 
NY, IA, IN)
2005–2006 113 CS Herd mean SCC Stall length, width, bedding, 
and cow cleanliness
16. Goodger et al., 1988 US (CA) 1984–1985 50 CS Herd mean SCC: Multiple
Low (<264,000 cells/mL, n = 25)
High (>264,000 cells/mL, n = 25)
17. Hutton et al., 19906 US (WA) 1986–1987 59 CS % of cows with SCS ≤4: Multiple
Low (28 herds with the highest %)
High (31 herds with the lowest %)
18. Hutton et al., 19916 US (WA) 1986–1987 59 CS Same as Hutton et al., 1990 Multiple
19. Jayarao et al., 2004 US (PA) 2000–2001 126 CS Herd geometric mean BMSCC Multiple
20. Khaitsa et al., 2000 US (OH) 1996–1997 186 CS Herd mean BMSCC Multiple
21. Klungel et al., 20007 Netherlands 1996–1998 105 BA, CS Logn of herd mean BMSCC Use of AMS and milking frequency
22. Lievaart et al., 20074 Netherlands 1992–1994 246 CS Herd monthly SCC (within 3 categories) Multiple
Low (<150,000 cells/mL, n = 81)
Medium (150–200,000 cells/mL, n = 86)
High (>200,000 cells/mL, n = 79)
23. Nyman et al., 2009 Sweden 2005–2006 72 CS Herd % of heifers with SCC  
 ≥200,000 cells/mL at first test
Management of heifers
Logn of heifers SCC at first test
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568Table 1 (Continued). Characteristics of manuscripts on associations between management practices and measures of SCC (bulk milk or individual cow SCC in cells/mL, as measured by DHI organizations) 
Manuscript  
and index number
Country  
(state)
Study  
period
Population 
(herds)
Study  
design1 Outcome
Intervention  
or observation
24. Rasmussen et al., 20018 Denmark 1997–2000 69 BA Herd mean SCC Use of AMS
% of cows increasing >200,000 cells/mL
% of cows with SCC >200,000 cells/mL
25. Rasmussen et al., 20028 Denmark 1997–2001 98 BA, CS Log10 of herd mean BMSCC Use of AMS and self-monitoring program
26. Rodrigues et al., 2005 US (WI) 2001–2004 180 CS Herd mean log10 BMSCC and SCS Multiple
Herd mean SCS
% of cows with SCS >4
Herd mean BMSCC (categorical):
Low (<250,000 cells/mL, n = 36)
Medium (250–400,000 cells/mL, n = 83)
High (>400,000 cells/mL, n = 61)
27. Smith and Ely, 1997 US (GA) 1994 178 CS Herd mean SCC Multiple
28. Smith et al., 2002 US (39 states) 1998–2000 10,754 CS Herd mean SCC and SCS Milking frequency
% of cows with SCS 0–3 and 7–9
29. Svensson et al., 2006 Sweden 1998–2000 102 CS Heifer SCC ≥200,000 cells/mL at first test Heifer management
30. Van der Vorst and  
  Hogeveen, 20007
Netherlands 1997–1999 167 BA, CS Logn of herd mean BMSCC Use of AMS and milking frequency
31. Van der Vorst  
  et al., 20027,8
Denmark, 
Germany, and  
 Netherlands
1997–2001 729 BA, CS Logn of herd mean BMSCC Use of AMS and milking frequency
32. Van der Vorst  
  et al., 20037
Netherlands 1997–2001 114 CS, BA Herd mean BMSCC (categorized) Use of AMS, housing, milking, and others
33. Van der Vorst  
  and Ouweltjes, 20037
Netherlands 1997–2002 28 
(using 
AMS)
CS Logn of herd mean BMSCC: Housing, milking, and others in AMS herds
Low (<170,000 cells/mL, n = 5)
Medium (170–265,000 cells/mL, n = 14)
High (>265,000 cells/mL, n = 9)
34. Weiss et al., 1990 US (OH) — 9 CS Herd mean BMSCC Vitamin E and Se
35. Wenz et al., 2007 US (21 states) 2002 1,013 CS Producer-reported mean BMSCC: Multiple
Low (<200,000 cells/mL, n = 264)
Medium (200–400,000 cells/mL, n = 569)
High (>400,000 cells/mL, n = 180)
36. Wilson et al., 1995 US (NY, PA) 1992–1994 76 CS Herd mean BMSCC Segregation of Staph. aureus infected cows
1CS = cross-sectional study; BA = before-and-after study; LC = longitudinal cohort study.
2Mean is the arithmetic mean unless specified otherwise.
3Multiple = study reporting a wide range of management practices.
4–8Studies sharing the same superscript number were conducted using data from some of the same herds during the same period.
Herd- or group-specific SCC or SCS were frequently 
(n = 12) categorized in 2 (low and high) or 3 (low, 
medium, and high) categories. Definitions of each cat-
egory were specific to each study, with low SCC herd 
definitions ranging from <150,000 cells/mL to <264,000 
cells/mL, and high SCC herd definitions ranging from 
>200,000 cells/mL to >700,000 cells/mL. In 4 manu-
scripts (Bareille et al., 2000; De Vliegher et al., 2004; 
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Table 2. Summary of the results of direction of associations estimated between dairy farm management practices and measures of SCC that 
were reported by more than one study 
Practice used
Low SCC High SCC
Study index  
number1 P-value2n3 Sig4 n Sig
Milking procedures       
 Milk 3 times/day 5 4  3 2 26, 28, 30, 35 0.22
 Wear gloves* 5 2  0 — 1, 18, 26 0.03
 Fore-strip 2 0  4 1 19, 26, 35 0.23
 Premilking teat disinfection 3 0  1 0 17, 26 0.25
 Dry teats 3 1  1 0 5, 12 0.25
 Individual drying towels 3 0  2 0 7, 12, 17, 26 0.31
 Postmilking teat disinfection (PMTD)5,* 8 6  0 — 2, 5, 12, 14, 18, 20 <0.01
 PMTD during winter 1 0  2 1 35 0.38
 Sprayed PMTD (vs. dipped) 2 1  3 1 5, 6, 19 0.31
 Automatic take-off* 8 5  4 2 5, 17, 19, 26, 27, 35 0.12
 High SCC and/or clinical mastitis cows milked last5,* 3 3  0 — 6, 18, 36 0.13
 Milking system inspected ≥ once/year* 6 1  2 0 5, 12, 17, 26 0.11
 Milking parlor cleaned regularly5,* 4 0  0 — 5, 18 0.06
 Cows locked after milking* 4 2  0 — 5, 6 0.06
Housing       
 Housed in freestall5,* 6 5  1 0 7, 20, 27, 35 0.06
 Housed primarily on pasture5 2 2  3 1 2, 7, 35 0.31
 Water or humidity in pasture5 0 —  2 1 6, 17 0.25
 Increased stocking density5 1 1  1 0 2, 17 0.50
 Sand bedding* 5 2  0 — 8, 19, 35 0.03
 Mattress in cubicles5 4 3  1 0 15, 23, 35 0.16
 Decreased bedding moisture %5 3 1  5 0 7, 18, 35 0.22
 Cleaner cows5 2 1  0 — 7, 11 0.25
 Slatted floor in alleys 5 2  2 0 5, 10, 35 0.16
 Alleys are flushed 1 0  3 3 16, 35 0.25
 Cows calved in calving pen 3 3  1 0 3, 6, 7, 18 0.25
 Calving pen cleaned after each calving5,* 4 3  0 — 5, 6 0.06
 Cows and heifers left in calving pen <1 d after calving 2 1  0 — 10, 23 0.25
Dry period       
 Udder checked for mastitis daily* 4 2  0 — 2, 5 0.06
 Dry-cow housing regularly disinfected5 2 1  2 0 5, 6 0.38
 Blanket dry-cow treatment (vs. selective or none)* 11 4  1 0 5, 12, 14, 18, 26, 35 <0.01
 Selective dry-cow treatment (vs. none) 3 0  1 0 12, 35 0.25
Others       
 Use PMTD and blanket dry-cow treatment 2 2  0 — 12, 14 0.25
 Selenium supplementation of milking cows 2 2  0 — 13, 34 0.25
 Parenteral selenium supplementation* 4 3  0 — 13, 35 0.06
 Record clinical mastitis cases 3 2  1 0 22, 26 0.25
 Teat end disinfection before intramammary infusion 2 2  0 — 6, 18 0.25
 Remove udder hair5,* 5 3  1 0 5, 26 0.09
 Use DHI records5 4 0  1 0 7, 12, 26 0.16
 Use California Mastitis Test* 4 0  0 — 12, 26 0.06
 Use bacteriological culture for clinical mastitis cases 3 0  1 0 12, 26 0.25
 Age at first calving >27 mo 1 1  2 1 2, 10 0.38
 Minerals fed to pregnant heifers 3 1  1 0 5, 10 0.25
 Fed sugar beet pulp to milking cows 1 0  3 2 5, 23 0.25
1Study identification index number as reported in Table 1; because many studies compared more than 2 groups of herds, the number of low SCC 
and high SCC comparisons will not necessarily add up to the number of studies reporting them.
2P-value of the binomial test of obtaining the observed number of comparisons in a given direction under the null hypothesis of no association 
between the practice and SCC (one-sided sign test).
3No. of comparisons with the mentioned direction of effect.
4No. of significant comparisons (P < 0.05, multiple comparisons adjusted using the Bonferroni correction) with the mentioned direction of ef-
fect.
5Noticeable differences between explanatory variable definition or comparison groups used among studies.
*Practices demonstrating a consistent association with SCC (P < 0.15).
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Continued
Table 3. Management practices significantly associated with SCC and for which effect estimates were reported only once among 36 published articles 
Low SCC High SCC
Management practice Study Management practice Study
Milking procedures   Milking procedures  
 No. of milkers per shift Rodrigues et al., 2005   Premilking teat disinfection with a foaming product Barnouin et al., 2004
 No. of milkers per month Rodrigues et al., 2005   Wash only dirty teats before milking Barnouin et al., 2004
 No. of milking units per person Rodrigues et al., 2005   Wet premilking teat preparation (vs. dry) Barkema et al., 1998b
 No. of cows milked per man per hour Hutton et al., 1990   Wet premilking teat preparation  
  with towels from a bucket
Barkema et al., 1998b
 Cow-by-cow premilking preparation and  
  attachment sequence
Barkema et al., 1998b   Lag time ≥2 min between beginning of premilking  
  preparation and attachment of the unit
Erskine et al., 1987a
 Use paper towels (vs. cloth towels) Bach et al., 2008   No written milking procedures Rodrigues et al., 2005
 Years of postmilking teat disinfection (PMTD) Barkema et al., 1998b   Use hired milkers Bartlett et al., 1992
 Teat dip applicator cleaned after each milking Barnouin et al., 2004   Premilking teat preparation time ≤30 s Bartlett et al., 1992
 PMTD using chlorhexidine Erskine and Eberhart, 1991   PMTD using latex barrier with germicide Erskine and Eberhart, 1991
 High-producing cows milked first Hutton et al., 1990   Vacuum not turned off before unit removal Hutton et al., 1991
    High SCC cows and clinical mastitis  
  cases milked with a specific unit
Barnouin et al., 2004
    Milking units rinsed, cleaned, or disinfected  
  before first-lactation cows are milked
Nyman et al., 2009
Milking system     
 Minimum vacuum (kPa) in short  
  milk tube at 2 kg/min flow
Barkema et al., 1998b    
 Disinfectant used in backflush solution Hutton et al., 1991    
Housing   Housing  
 Cubicles rather than bedding packed system Bareille et al., 1998   Loose straw yard (vs. other types of housing) Barnouin et al., 2004
 Lying space accessibility Bareille et al., 1998   Tie-stall or outside lot (vs. loose housing) Khaitsa et al., 2000
 Manure packed system (vs. other types of housing) Wenz et al., 2007   Free access of the herd to an  
  enclosure from the cow shed
Barnouin et al., 2004
 Bedding treated with superphosphate  
  (vs. treated with a drying product)
Bareille et al., 1998   Free access to cow shed from  
  pasture during bad weather
Barnouin et al., 2004
 Frequency per day that cubicles are cleaned Barkema et al., 1998b   Barn design (no. of rows of cubicles per pen) Bewley et al., 2001
 Clean bedding area Bartlett et al., 1992   Quantity of manure in bedding area Bartlett et al., 1992
 Clean water troughs Goodger et al., 1988   Exercise area of milking cows scraped ≤1 time/d Barnouin et al., 2004
 Newspapers as bedding for milking cows Wenz et al., 2007    
 Stall length and width for rubber-filled  
  mattress stalls
Fulwider et al., 2007    
 Mean size of air inlet per row of cubicles Barkema et al., 1998b    
Peripartum period   Peripartum period  
 Bedding % of dry matter in calving pens Hutton et al., 1990   Having clean calving pen Barkema et al., 1998b
 Calving pen floor slatted De Vliegher et al., 2004   Calving pen used for sick cows De Vliegher et al., 2004
 No outside area for peripartum cows  
 (vs. dry-lot or pasture)
Wenz et al., 2007    
 No. of days after calving milk is added to bulk tank Barkema et al., 1998b    
Dry period   Dry period  
 Cephapirin benzathine used as dry cow treatment  
  (vs. other dry cow treatment products)
Khaitsa et al., 2000   Dry cows housed in a different location than  
  milking cows (vs. another area of the same shed)
Barnouin et al., 2004
 Teat disinfection before intramammary  
  infusion at dry-off
Barnouin et al., 2004   % of dry cows cubicles with >10%  
  manure in last meter
Barkema et al., 1998b
 Teat disinfection after intramammary  
  infusion at dry-off
Barnouin et al., 2004   % of dry cows with >30% of udder  
  covered with manure
Barkema et al., 1998b
 Years of blanket dry cow treatment Barkema et al., 1998b    
 Use coliform mastitis vaccine Wenz et al., 2007    
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Table 3 (Continued). Management practices significantly associated with SCC and for which effect estimates were reported only once among 36 published articles 
Low SCC High SCC
Management practice Study Management practice Study
Culling and conformation   Culling and conformation  
 Percentage of herd first-lactation cows Bareille et al., 1998   Monthly percentage of cows culled for mastitis Rodrigues et al., 2005
 Cows culled when at least one damaged teat Barnouin et al., 2004   Percentage of cows culled for high SCC Barkema et al., 1998a
 Percentage of cows culled for teat lesions Barkema et al., 1998a   Percentage of dry cows with udder below hock Barkema et al., 1998b
 Percentage of cows culled for udder shape Barkema et al., 1998a   ≥10% cows with udder below hock Bareille et al., 1998
 Cows culled when at least 3 clinical mastitis cases Barnouin et al., 2004    
Heifer and calf management   Heifer and calf management  
 Calves separated from dam immediately at calving Wenz et al., 2007   Heifers checked for mastitis <2 wk before calving Barnouin et al., 2004
 Heifers checked for mastitis >8 wk before calving Barnouin et al., 2004   Heifers moved to confined housing on  
  calving day (vs. before calving)
Svensson et al., 2006
 Frequency at which heifers are checked for mastitis Lievaart et al., 2007   First-lactation cows calved in group Nyman et al., 2009
 Introduction of heifers to milking cows  
  day of calving (vs. before calving)
Bareille et al., 2000   First-lactation cows milked in calving pen 
   during the colostrum period
Nyman et al., 2009
 First-lactation cows calved in a calvingpen Barnouin et al., 2004   Fly problem more important than other years De Vliegher et al., 2004
 End term heifers kept with dry-cows  
  when not on pasture
De Vliegher et al., 2004   Heifers pregnant from AI or bull (vs. AI only) De Vliegher et al., 2004
 Fly control in heifers on pasture  
  (pour-on or 2 ear tags)
De Vliegher et al., 2004   Use of different types of restraining devices  
  for first-lactation cows during milking
Svensson et al., 2006
 Deworming all heifers (vs. some or none) De Vliegher et al., 2004   Clipping heifers udder long before calving or  
  no clipping (vs. clipping around calving)
De Vliegher et al., 2004
Nutrition of calves and heifers   Nutrition of calves and heifers  
 Calves are fed milk replacer Lievaart et al., 2007   Calves are fed high SCC milk Barkema et al., 1998b
 Type of roughage at weaning Svensson et al., 2006   Calves are fed milk with antibiotic residues Barkema et al., 1998b
 Percentage of corn silage in transition diet Bareille et al., 2000   Calves drinking in dirty bucket Barkema et al., 1998b
 Corn silage given at calving and onward  
  (vs. no corn silage given)
Nyman et al., 2009   Kilograms of concentrates fed to heifers  
  11–16 mo of age
Svensson et al., 2006
 End term heifers supplemented with other than  
  hay, straw, sugar pulp, or silage during summer
De Vliegher et al., 2004   Protein content and amount  
  of concentrates in transition diet
Bareille et al., 2000
 Weeks before calving, heifers are  
  introduced to lactating ration
Svensson et al., 2006   At pasture, heifers drink water from river Barnouin et al., 2004
Nutrition during transition period     
 Lower calcium supply during late pregnancy Barnouin et al., 2004    
 No. of days after calving that  
  max concentrates is fed
Barkema et al., 1998b    
Nutrition of milking cows   Nutrition of milking cows  
 Supplement with minerals during summer Barkema et al., 1998b   Percentage of forages being corn silage Bareille et al., 1998
 Supplement with NaCl Barnouin et al., 2004   Feed served outside in an uncovered feeding area  
  (vs. in freestall or covered outside feeding area)
Smith and Ely, 1997
    Vitamin A-D-E supplementation Wenz et al., 2007
Nutrition of dry cows     
 Supplement with minerals during summer Barkema et al., 1998b    
 Vitamin A or E or selenium supplementation Erskine et al., 1987b    
Clinical mastitis management   Clinical mastitis management  
 Mastitis treatment started when 1 clot  
  of milk is observed at successive milkings
Barnouin et al., 2004   Clinical mastitis suspected when painful udder Barnouin et al., 2004
 Has written treatment protocol for clinical mastitis Rodrigues et al., 2005   Mastitis detection by checking foremilk for clots Barnouin et al., 2004
 Mastitis treatment done by farmer  
  (vs. veterinarian involved)
De Vliegher et al., 2004    
 Minimal number of antibiotic  
  treatments usually given
Barkema et al., 1998b    
Svensson et al., 2006; Nyman et al., 2009), a measure of 
SCC in heifers at the beginning of their first lactation 
was the outcome studied. In these studies, practices 
investigated were related to calf and heifer management 
from birth up to a few weeks following calving.
Results for management practices with effect esti-
mates reported by 2 or more studies are summarized in 
Table 2. For many of the practices investigated, effect 
estimates were reported only once. Furthermore, many 
practices were sometimes measured in such a specific 
manner in one study that reporting the results obtained 
with those of other studies would be misleading. These 
results are therefore presented individually. For these 
distinct practices, a list of the practices with statisti-
cally significant associations is presented in Table 3. 
Other single-reported practices for which nonsignificant 
associations were obtained are presented in supplemen-
tary material online (Supplementary Table available at 
http://www.journalofdairyscience.org/).
In addition to the results reported in Table 3, one 
study by Lievaart et al. (2007) used data collected 
by Barkema et al. (1998b) to specifically investigate 
associations between management practices and varia-
tion of HSCC within low (<150,000 cells/mL), medium 
(150,000–200,000 cells/mL), and high (>200,000 cells/
mL) SCC categories. In complement to the findings 
of Barkema et al. (1998b), they observed that, within 
the low SCC category, herds using a wet premilking 
teat preparation had higher HSCC. They also found 
conflicting significant associations from one season 
to another for herds using a technique to keep cows 
standing after milking. During winter, for herds in the 
low SCC category, feeding cows or feeding and locking 
cows in headlocks following milking was associated with 
higher HSCC; during summer, the reverse association 
was observed, with herds in that same low SCC cat-
egory having lower HSCC when using these techniques. 
In this same study, the number of days before milk was 
added to the bulk tank following calving was negatively 
associated with HSCC within the low SCC category. 
Opposite associations were also observed in this study 
for feeding fresh milk to calves: within the low SCC cat-
egory, this practice was associated with higher HSCC, 
whereas within the high SCC category, it was associ-
ated with lower HSCC. Finally, similarly to Barkema 
et al. (1998b) findings, clipping udder hair of all cows 
every year was associated with lower HSCC for herds 
within the medium and high SCC categories.
In 2 instances, divergent significant associations were 
reported within a study (not reported in Table 3). Mat-
tresses in dry-cow cubicles were associated with greater 
odds of being a medium SCC herd than a low or high 
SCC herd (Barkema et al., 1998b). Cows were moved to 
the calving pen earlier before calving in medium SCC 
Journal of Dairy Science Vol. 94 No. 2, 2011
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herds than in low or high SCC herds (Barkema et al., 
1998b).
Automatic Milking Systems
Eight studies specifically investigated the effect of 
milking with an automatic milking system (AMS; 
Klungel et al., 2000; van der Vorst and Hogeveen, 2000; 
Rasmussen et al., 2001, 2002; Billon and Tournaire, 
2002; van der Vorst et al., 2002, 2003; van der Vorst 
and Ouweltjes, 2003). In these studies, contrasts were 
made between periods before and after installation of 
the AMS, between herds milking with an AMS and 
a conventional milking system, and between years of 
installation of the AMS. For studies conducted within 
the same country, data from herds used in earlier stud-
ies were most often reused in more recent studies in 
addition to data from newer AMS users. Results are 
presented only for the most recent and complete data 
sets.
In 262 Dutch and 99 Danish AMS herds, geometric 
mean BMSCC in the period following AMS installa-
tion (period ranged from the first 6 to 18 mo following 
installation) was significantly higher than that before 
installation (period ranged from the preceding 6 mo to 
preceding 4 yr before installation). For all generations 
of AMS, Dutch herds had geometric mean BMSCC 
after AMS installation of 204,000 cells/mL compared 
with 170,000 cells/mL before, and Danish herds had 
279,000 cells/mL after installation compared with 
259,000 cells/mL before (van der Vorst et al., 2002). 
No significant difference in BMSCC before and after 
introduction of AMS was seen for 33 German herds, 
with geometric mean BMSCC before of 201,000 cells/
mL and after of 203,000 cells/mL (van der Vorst et al., 
2002). The German AMS herds that agreed to par-
ticipate in this study, however, were a relatively small 
proportion (25%) of all German herds using an AMS at 
that time compared with 90% for Danish AMS herds 
and 80% for Dutch AMS herds. In a similar study on 
46 (23%) of the 200 French dairies equipped with AMS, 
no significant difference in BMSCC was found between 
AMS and conventional milking herds (Billon and Tour-
naire, 2002). In that study, herds using AMS had a 
mean BMSCC of 230,000 cells/mL before installation 
compared with 244,000 cells/mL after installation.
Similar changes of BMSCC over time following AMS 
installation were seen for all generations of AMS in 
Denmark, Germany, and the Netherlands: an increased 
BMSCC was observed just after introduction of the 
AMS followed by a slow decrease over time, with AMS 
herds reaching a BMSCC level comparable to that of 
conventional milking herds within 12 to 18 mo of instal-
lation (van der Vorst et al., 2002). In the Danish and 
German AMS herds, no association between year of 
installation of the AMS and change in BMSCC over 
time during the period following installation could be 
seen. In the 262 Dutch herds, however, AMS installed 
between January 1, 1998, and March 31, 1999 (defined 
as second-generation AMS) had BMSCC levels com-
parable to that of conventional milking herds in the 
first 6 mo and in the 12- to 18-mo periods following 
installation. The Dutch herds using other generations 
of AMS, however, had a significantly higher BMSCC 
than conventional herds for up to 18 mo following in-
stallation.
In a study by Rasmussen et al. (2001) conducted 
earlier on 69 Danish AMS herds, the BMSCC increase 
after installation of the AMS could be explained, in 
part, by a significantly increased incidence of cows go-
ing from less than to more than 200,000 cells/mL. In 
this study, cumulative incidence went from 10% in the 
year before installation to 15% in the year after instal-
lation, leading to a prevalence of cows with BMSCC 
>200,000 cells/mL of 35% before to 39% after installa-
tion (P < 0.01). In Denmark, dairy producers changing 
from conventional to AMS milking were offered par-
ticipation in a self-monitoring program to help them 
accomplish the transition between systems. This self-
monitoring program relied mostly on detection followed 
by treatment or culling of clinically infected and high 
SCC cows both before and during the milking system 
transition (Rasmussen et al., 2002). Herds enrolled on 
this self-monitoring program, like herds not enrolled, 
had significantly higher BMSCC in the year following 
installation of the AMS compared with the year before 
installation; however, they had a significantly lower in-
crease in BMSCC than herds not enrolled (Rasmussen 
et al., 2002). In these Danish AMS herds, no significant 
influence of the monitoring program on the incidence of 
new high SCC cows could be highlighted (Rasmussen 
et al., 2001).
In a study by van der Vorst and Ouweltjes (2003), 
BMSCC in the year preceding the transition to an AMS 
was identified as an important predictor of the BMSCC 
in the year following installation (38% of variation 
explained) and of change in BMSCC after the transi-
tion (10% of variation explained). In this same study, 
dairy producers waiting longer before replacing milk 
liners and waiting for a system indication to change 
them had, respectively, a higher BMSCC and a greater 
BMSCC increase in the year following transition to an 
AMS. On the other hand, BMSCC was significantly 
lower on AMS farms where teats were cleaned more 
than once (15 s each time). In addition, herds where 
cleaning of the AMS was set automatically and where 
udders were shaved at least twice a year had a smaller 
increase in BMSCC in the year following transition to 
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the AMS. Finally, when adjusting for the adaptation 
period by excluding the first 6 mo following the transi-
tion to AMS, herds for which the floor of the waiting 
area was cleaned with an automatic scraper and herds 
in which additional mechanical ventilation was used 
had significantly lower BMSCC (van der Vorst et al., 
2003).
DISCUSSION
Methodological Strengths and Limitations
The most valuable outcome of this systematic review 
was perhaps the ability to identify practices that have 
shown consistent associations with SCC in different 
populations, under different circumstances, and across 
time. Demonstrating consistency of an association is 
not related in any way to significance testing meth-
ods and, in this regard, the analytical methods used 
in this review were very appropriate for this purpose 
(Rothman et al., 2008). Demonstrating consistency of 
an association is a clear step toward the identification 
of cause and effect. The practices that have shown a 
consistent association with SCC possibly had a larger 
effect on SCC, were efficient under different production 
settings, or were efficient against the most commonly 
encountered mastitis pathogens. For these reasons, they 
should be part of our initial recommendations to any 
dairy producer.
Lack of consistency, on the other hand, cannot be 
used to rule out a cause and effect association. Nu-
merous studies did not report any effect estimate for 
management practices that yielded what the authors 
considered to be a nonsignificant association. Many 
of the practices discussed in this review therefore had 
their associations with SCC completely reported in few, 
often only one, manuscripts. The binomial test used is 
certainly biased to some extent by these unreported 
results. Moreover, the different treatments of confound-
ing effects that were used in different studies could have 
led to the reporting of different directions of associa-
tion, thus leading to an apparent inconsistency of the 
results reported. This apparent inconsistency would be 
caused by the presence of residual confounding of the 
observed associations in some studies and not in oth-
ers, rather than being caused by ineffectiveness of a 
specific management practice. With that many studies 
being conducted over such a large period in many dif-
ferent countries, we can expect that several different 
confounders are somehow operating. The practices that 
have not shown consistent associations with SCC should 
therefore not be completely ruled out. Further research 
would, however, be advocated on these practices or on 
their conditions of application.
The manuscripts selected in this systematic review 
represent an important piece of the published literature 
on associations between management practices applied 
on dairy farms and SCC. Our specific average herd size 
and milk production inclusion criteria, however, did 
restrict the studies selected and careful readers should, 
therefore, restrict the application of these results to 
similar dairy herds. The decision to select only studies 
for which the interventions were applied to or in which 
observations were made on the entire herd was driven 
by the need to evaluate evidences for management 
practices that have been tested in a manner similar to 
how they would be applied as interventions. Studies ex-
cluded because of interventions being applied to a few 
individuals within a herd do provide ample knowledge 
on mastitis but clearly cannot fully demonstrate the 
generalized herd-level applicability of an intervention. 
Some potentially important manuscripts were excluded 
for purely logistical reasons: linguistic limitations and 
failure to obtain important information from authors. 
Linguistic limitations are a common feature of most 
published systematic reviews (Moher et al., 2007). 
In our study, considering the retention percentage 
of the English, French, and Dutch abstracts (1.1%), 
the probability of excluding an important manuscript 
because of linguistic restrictions was very low (0.2%). 
The resulting potential linguistic bias was therefore, in 
our opinion, very limited. Failure to obtain important 
missing information from authors is potentially a more 
important problem. The 6 manuscripts excluded for 
this reason had otherwise good potential for being in-
cluded in this review. It might be argued, however, that 
incomplete reporting of information highlighted them 
as poorer quality studies. Although these studies could 
not be included, they are nonetheless listed to inform 
readers of additional potentially useful information.
A major limitation of this review was the need to 
focus on the direction of associations rather than on 
the magnitude of associations. This limitation resulted 
mainly from the lack of comparability between studies. 
The analysis approach used was for this reason very ru-
dimentary; it would classify odds ratios of both 0.30 and 
0.90 as “associated with lower SCC” and weight equally 
all studies regardless of sample size and standard error. 
On the other hand, transformation of the results from 
the different studies on a common scale would have 
required an extensive amount of supplemental informa-
tion and, with many of the retained studies having been 
published more than a decade ago, this alternative was 
simply not feasible.
All of the studies selected were observational studies 
and nearly all used cross-sectional or before-and-after 
study designs, which typically do not provide the high-
est level of evidence. Observational studies are often 
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hypothesis-generating, and the causality of the asso-
ciations highlighted by such studies should be further 
explored using experimental designs. In our review no 
experimental studies conducted at the herd level could 
be found. For many of the practices discussed, however, 
results have been published from experimental studies 
conducted at the cow level, with animals or sometimes 
quarters within a herd being randomized to control and 
treatment groups. Also, for some practices, experimen-
tal studies at the herd or cow level have been conducted 
but with udder health outcomes other than SCC. To 
better understand the significance of the associations 
reported in this review, we recommend evaluating pub-
lished results from such experimental studies in addi-
tion to the consistency of association reported.
Although experimental studies conducted at the herd 
level are rather uncommon, we nevertheless expected 
to find a certain number of observational studies using 
sounder study designs such as cohort and case-control 
designs. A major problem encountered with cross-sec-
tional study designs is the impossibility to record time 
order of occurrence between exposure and outcome, 
leading to the risk of wrongfully highlighting reverse as-
sociations between management practices and SCC. As 
an example, producers having a herd with a high SCC 
might be more likely to include fore-stripping in their 
milking procedures to detect clinical mastitis cases. A 
cross-sectional study design would only highlight the 
association between fore-stripping and higher SCC, 
an association that is correct but can certainly not be 
interpreted as causal.
Management Practices and SCC
Relatively few of the numerous management practices 
investigated demonstrated consistent associations with 
SCC. Furthermore, many of the practices frequently 
recommended in mastitis control programs had a lim-
ited amount of published information available on their 
effectiveness in a conventional dairy setting, with many 
showing inconsistent directions of association with SCC 
across studies. One must bear in mind though, that 
many of the practices proposed in mastitis control pro-
grams are intended primarily to prevent clinical mastitis 
rather than a high HSCC. Independence between these 
2 udder health components has been highlighted before 
(Barkema et al., 1998a; Olde Riekerink et al., 2008) and 
practices affecting one or the other component could 
therefore differ.
In relation to milking procedures, the body of litera-
ture supports that milkers should definitely wear gloves 
during milking, use (well-adjusted) automatic milking 
unit take-offs, and apply postmilking teat disinfection. 
Furthermore, high SCC cows and clinical mastitis cases 
should be milked last. Using a specific milking unit for 
these cows or rinsing, cleaning, or disinfecting the unit 
after these cows are milked and before first-lactation 
cows are milked were studied only once and were asso-
ciated with higher SCC. The milking parlor should be 
kept clean and good performance of the milking system 
should be ensured by having the system inspected at 
least annually. Although keeping cows standing after 
milking seemed to be associated with lower SCC in 
many studies, the findings of Lievaart et al. (2007) 
highlighted some of the conditions (seasons) potentially 
limiting the general utility of this practice. In their 
study, no biological explanation of the observed season 
effect on this practice could be proposed; they did how-
ever recognize, as did others (Barkema et al., 1998b; 
Barnouin et al., 2004; De Vliegher et al., 2004), the 
effect of herd manager attitudes on herd SCC. Associa-
tions between dairy producer attitudes, management 
practices used, and udder health have been reported 
before (Barkema et al., 1999; Jansen et al., 2009). It is 
probable that many of the effect estimates reported by 
the selected studies are strongly confounded by herd 
managers’ attitudes; associations observed with lower 
SCC may in fact be the result of having a knowledgeable 
and motivated herd manager, which may in turn be as-
sociated with both the use of a technique to keep cows 
standing following milking and lower SCC (through 
other management techniques). Results from a recent 
study measuring the association between individual 
cow postmilking standing time and IMI incidence (thus 
not confounded by herd manager attitude) seemed to 
confirm this hypothesis (DeVries et al., 2010). In that 
study, increasing postmilking standing time was in fact 
associated with a higher IMI incidence. In another 
study measuring the association between incidence of 
IMI by coagulase-negative staphylococci and delivery 
of feed around milking, a strategy commonly used to 
promote longer standing time following milking, an 
increased IMI incidence was again observed for herds 
using the practice (Dufour et al., 2008).
Few housing-related interventions yielded very con-
sistent associations with SCC. Based on the combined 
results of several studies, a sound recommendation is to 
use a freestall housing system with sand-bedded cubicles. 
Such a modification of the housing system, however, is 
clearly not a minor correction. A needed modernization 
of the existing facilities on a farm, however, should be 
seen as an opportunity to recommend this type of hous-
ing system. Cleanliness or frequency of cleaning of the 
calving pen was the only other management practice 
related to housing that could be consistently associated 
with SCC.
From our results, the best-supported recommenda-
tions remain to administer an approved intramammary 
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antibiotic treatment to all cows at dry-off. Selective 
antibiotic treatment at dry-off is not consistently asso-
ciated with lower SCC. The criteria used to select cows 
to be treated were not discussed in studies of selective 
dry-off treatment. The efficiency of a selective treat-
ment is certainly determined by the correct selection of 
the cows to be treated and therefore specification of the 
selection criteria would have been crucial. One must 
bear in mind, however, the dual objectives of a dry-cow 
antibiotic treatment: prevention of new IMI during the 
dry period and cure of existing IMI (Dingwell et al., 
2003). Although it might be relatively easy to select 
cows to be treated to achieve the second objective, it 
will always be difficult, if not impossible, to accurately 
select and treat the cows that would otherwise have 
acquired a new IMI. The first objective of a dry-cow 
antibiotic treatment can therefore hardly be fulfilled 
by a selective dry-cow treatment alone, and the merit 
of a selective dry-cow treatment is probably heavily 
determined by the pathogen-specific dry period IMI 
incidence rate of the herds using it.
Daily inspection of udders of dry cows to detect 
mastitis during the dry period was also consistently as-
sociated with lower SCC. Such an inspection, however, 
if not coupled with a specific and practical intervention, 
would not lead to reduced herd SCC. Similarly, use 
of the CMT was continuously associated with lower 
SCC. No details concerning any interventions associ-
ated with these practices could be found in the studies 
reporting these associations, and it is possible that the 
associations observed were again an indirect measure of 
the effect of a superior dairy producer attitude toward 
controlling mastitis. Also, frequent clipping or flaming 
of udder hairs and parenteral supplementation with 
selenium were consistently associated with lower herd 
SCC.
The attitude of the dairy producer toward culling 
needs to be modified to achieve lower SCC. To reduce 
their herd SCC, dairy producers need to have proac-
tive and well-defined culling strategies based on udder 
conformation, teat lesions, and clinical mastitis cases 
rather than simply reacting to udder health events with 
the result being a greater number of cows culled for 
mastitis and high SCC (Bareille et al., 1998; Barkema 
et al., 1998a,b; Barnouin et al., 2004; Rodrigues et al., 
2005).
In many studies, an attempt to measure associa-
tions between specific components of the diet and SCC 
was made and very conflicting results were obtained. 
In these studies, the effects on SCC of the different 
components of the ration were always estimated inde-
pendently, without taking into account the interaction 
of a component with the other elements of the diet. It 
is obvious that the effect of feeding a specific type of 
feed, mineral, or supplement is absolutely determined 
by the presence or absence of other components of a 
diet. Furthermore, this effect is dependent on the cur-
rent herd status for the nutrient in question; feeding 
an additional amount of concentrates will usually be 
beneficial to energy-deprived cows but could be harm-
ful to well-fed cows. As another example, vitamin E can 
have either an oxidant or antioxidant effect depending 
on the cow’s initial vitamin E status (Bouwstra et al., 
2010). Therefore, studying the association of SCC with 
any individual component of the diet in such a manner 
is not very instructive.
Similarly, many studies reported associations between 
different components of the milking system and SCC. 
Again, inconsistent results were observed and they 
might be the result of the inappropriate partition into 
its measurable constituents of a system that can only 
be correctly assessed as a whole.
Only a few relatively recent studies investigated calf 
and heifer management as risk factors for elevated 
SCC. It is well accepted that an important propor-
tion of heifers already has an IMI at the moment of 
their first calving (Oliver and Mitchell, 1983; Pankey 
et al., 1991; Fox et al., 1995). Although many of these 
IMI may be of short duration, the resulting elevated 
SCC observed early in the lactation is often associated 
with elevated SCC throughout the whole lactation (De 
Vliegher et al., 2004; Paradis et al., 2010). Because a 
rather high proportion of herds is usually composed 
of first-lactation cows, the effect of these IMI on herd 
SCC cannot be ignored. It is interesting to observe 
that, although practices used from birth to first calving 
were investigated, most of the practices significantly 
associated with heifers’ early lactation SCC were inter-
ventions used during the few weeks before and around 
calving time. This relatively short period is potentially 
of great importance for acquisition of new IMI, and fur-
ther research to understand the risks and mechanisms 
of IMI and host response in this specific period should 
be undertaken.
Automatic Milking System
The introduction of AMS in dairy production 
is relatively recent and growing interest in this new 
technology exists. Although the use of an AMS cannot 
directly be considered an udder health control strategy, 
AMS can nonetheless affect the choice and condition 
of application of milking procedures, on mastitis moni-
toring, and, therefore, on SCC. An augmentation of 
the BMSCC following installation of an AMS has not 
been observed in every country but it has been reported 
often, and herds having an already elevated BMSCC 
before installation of the AMS seemed more at risk of 
Journal of Dairy Science Vol. 94 No. 2, 2011
DUFOUR ET AL.576
experiencing such an augmentation and to a greater 
magnitude (Billon and Tournaire, 2002; van der Vorst 
et al., 2002; van der Vorst and Ouweltjes, 2003). To 
prevent or reduce such an adverse effect, dairy produc-
ers should focus their efforts on reducing their herd 
SCC before an AMS is put into place. To achieve this 
objective they could, similarly to the recommendations 
made in the Danish self monitoring program, intensify 
the detection and culling of problematic cows before-
hand (Rasmussen et al., 2001, 2002). One of the major 
difficulties encountered with AMS is to correctly sort 
milk from high SCC cows and clinical mastitis cases; 
the treatment or culling of some of these cows before 
installation of the AMS is therefore a sound recommen-
dation. In one study, however, a part of the increase in 
herd SCC could be explained by an increase number 
of new high SCC cows (Rasmussen et al., 2001). The 
increase in SCC seemed therefore to be explained not 
only by the milking of problematic cows but also by an 
increased number of new IMI following implementation 
of the AMS technology. Practices used once the AMS 
is in place should therefore also be addressed. At this 
time, little is known of practices associated with SCC 
in AMS herds; dairy producers who were more aggres-
sive regarding maintenance and cleaning of the AMS 
seemed able to mitigate the SCC elevation. Efficiency 
of the AMS teat cleaning methods is another key point 
that could limit a SCC augmentation (van der Vorst et 
al., 2003; van der Vorst and Ouweltjes, 2003). Future 
research on AMS should be aimed at identifying risk 
factors associated with the incidence of IMI, rather 
than those associated with IMI prevalence.
CONCLUSIONS
A large number of management practices have shown 
consistent associations with herd-level SCC when used 
in usual dairy settings. These practices should be the 
cornerstone of udder health recommendations to dairy 
producers. Although many management practices have 
shown interesting associations with SCC, the lack of 
consistency observed should moderate reliance on their 
use.
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